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Abstract
  This study investigated the ability of treated ﬂute-reed to adsorb synthetic reactive dye solution in a batch system. The 
effects of particle size, contact time and adsorption isotherms at various particle sizes and temperatures were investigated. 
Desorption was studied to conﬁrm the mechanism of adsorption. The results showed that the adsorption capacity increased 
as the particle size decreased. The smaller particle size required less contact time to reach equilibrium because it had a higher 
rate of adsorption. Adsorption isotherms at various particle sizes indicated that the equilibrium data ﬁtted well with the 
Langmuir isotherm. The maximum adsorption capacity (qmax) of particle size ranges of: less than 420, 420-1190, 1190-2000 
and 2000-2800 μm, was 7.58, 4.42, 3.83 and 3.12 mg/g, respectively. For adsorption isotherms at various temperatures, 
the amounts of adsorption increased with increasing temperature. This is because the kinetic energy probably increased at 
higher temperatures resulting in increasing reactive dye removal. The results from the desorption studies conﬁrmed that the 
adsorption of reactive dye by treated ﬂute-reed was due to ion exchange and the adsorption mechanism was mainly chemical 
adsorption. 
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1. Introduction
  Color is one of the indicators for water pollution. 
The efﬂuents from dyeing and printing processes are 
highly colored. The discharge of color wastes into 
streams and rivers causes severe problems. Because 
of its toxicity and reduction of light penetration 
(Namasivayam et al., 2001), it negatively affects the 
aesthetic of the water environment, the photosynthetic 
activities of aquatic plants, and the activity of aquatic 
animals. In addition, it can cause water-transmitted dis-
orders, for example, nausea, haemorrhage, ulceration of 
skin and mucous membrane, dermatitis, perforation of 
the nasal septum and severe irritation of the respiratory 
tract (Liversidge et al., 1997).  Therefore, it is necessary 
to treat textile wastewater before it is discharged into 
receiving waters.
  There are several methods used to decolorize textile 
wastewater, such as ozonation (Radetski et al., 2002) 
coagulation (Chu, 2001)  membrane ﬁltration (Ciadelli 
et al., 2003), ion exchange (Lin and Chen, 1997) and 
activated carbon adsorption (Walker and Weatherley, 
1999). These methods are costly and require skillful 
operations and high maintenance. Nowadays, adsorp-
tion processes using agricultural residues are very 
attractive alternative methods for the decoloration of 
textile wastewater. A variety of adsorbents for this 
purpose have been reported in the literature, such 
aseucalyptus bark (Morais et al., 2000), coir pith 
(Namasivayam et al., 2001) and orange peel (Sivaraj 
et al., 2001). 
  The aim of this research is to study the use of 
treated ﬂute-reed as an adsorbent for color removal 
in a batch system. The effects of particle size, contact 
time and adsorption isotherms at various particle sizes 
and temperatures were investigated. Desorption was 
studied to conﬁrm the mechanism of adsorption.
2. Materials and Methods 
2.1. Preparation of treated ﬂute-reed
  Flute-reed was obtained from Mahidol University 
(Salaya), Thailand. It was sliced into pieces of less than 
1 inch, sun dried for 3 days and ground in a disk mill. 
After grinding, the ﬂute-reed was treated by soaking 
with 0.2 N H2SO4 for 1 hour, the solution being replaced 
every hour until color was no longer leaching from the 
weed. After that, it was dried in a hot air oven at 80
oC 
for 12 hours and then separated into different particle 
sizes through a sieve and the particle size distribution 
was determined in % by weight as shown in Table 1.    
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2.2. Preparation of synthetic reactive dye solution
  The reactive dye used in this study was Procion 
Red H-E7B (C.I. Reactive Red 141, RR 141). This 
dye was obtained from Dystar Thai Ltd., of which the 
structure is shown in Fig. 1. The wavelength of maxi-
mum absorbance (λmax) for RR 141 was 543 nm. RR 
141 had a molecular weight and solubility of 1,774 and 
50 g/L, respectively. A stock dye solution of 30 mg/L 
was prepared by mixing 0.03 g of dried dye with 1000 
cm
3 distilled water. The desired initial concentration 
was obtained from diluting this stock solution.
2.3. Effect of particle size on color removal
  Five different particle size ranges of treated ﬂute-
reed: <420, 420-1190, 1190-2000, 2000-2800 and 
2800-4000 μm, were tested at 30
oC in a system pH of 
3.0±0.2. An amount of 0.3 g of each particle size of 
treated ﬂute-reed was added to 15 ml of 30 mg/L of 
synthetic reactive dye solution in 30 ml sealed glass 
bottles and shaken in a shaker at 140 rpm for 18 hours. 
After that, the samples were centrifuged at 5,000 rpm 
for 10 minutes and analyzed for the remaining dye 
concentration by a spectrophotometer at a wavelength 
of 543 nm. 
2.4. Effect of contact time 
  In order to study the effect of contact time, the 
same procedure as described for the particle size was 
performed with selected particle sizes. The samples 
were collected every hour for dye concentration mea-
surements until equilibrium was reached. 
2.5. Adsorption isotherms
Adsorption isotherms for various particle sizes were 
conducted by using the selected particle size ranges. The 
procedure was the same as described for the particle size 
except the initial dye concentrations were varied from 
20 to 140 mg/L. All bottles were shaken for 24 hours 
and the equilibrium reactive dye concentrations (Ce) 
were measured and calculated for the amounts of dyes 
adsorbed per unit weight of treated ﬂute-reed (qe).
  For the adsorption isotherms at various tempera-
tures, the treated ﬂute-reed particle size range of less 
than 420 μm was tested at the same conditions as the 
adsorption isotherms for the various particle sizes stud-
ied, except the temperature was varied at 20
oC, 30
oC 
and 40
oC. 
2.6. Desorption studies
  In the desorption studies, 0.3 g of dye-adsorbed 
treated ﬂute-reed, which had a particle size range of 
420-1190 μm, was agitated with 15 ml of distilled water 
in 30 ml sealed glass bottles at 30
oC. The system was 
adjusted to different pH values of 2, 4, 6, 8 and 10 with 
0.2 N H2SO4 or 0.2 NaOH. After that, the same proce-
dure as described for the particle size was repeated but 
the bottles were shaken in a shaker for 6 hours. 
3. Results and discussion 
3.1. Effect of particle size on color removal
  Five different particle size ranges of treated ﬂute-
reed, <420, 420-1190, 1190-2000, 2000-2800 and 
2800-4000 μm, were studied for their efﬁciency of 
color removal from a 30 mg/L synthetic reactive dye 
solution at 30
oC at a system pH of 3.0±0.2. As shown in 
Fig. 2, the adsorption capacity of the treated ﬂute-reed 
increased as the particle size range decreased. This is 
because the total surface area of the smaller particle 
size range available for adsorption of reactive dye was 
greater than that of the larger particle size ranges (Sun 
and Xu , 1997, Al-Qodah, 2000 ).
  However, the efﬁciency of synthetic reactive dye 
Table 1. The particle size distribution of treated ﬂute-reed
Particle size (μm) % by weight
< 420
420-1190
1190-2000
2000-2800
2800-4000
> 4000
46.28
32.35
14.13
4.04
2.46
0.74
Figure 1. Chemical structure of Procion Red H-E7B (diazo C.I. Reactive Red 141, RR 141)
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1190-2000 and 2000-2800 μm was not signiﬁcantly 
different. From the data, the smallest particle size range 
(<420 μm) had the highest efﬁciency of color removal 
at 98%, while the particle size ranges of 420-1190, 
1190-2000 and 2000-2800 μm removed 97%, 96% and 
95% of the dye, respectively. 
3.2. Effect of contact time 
  The effect of contact time on the adsorption of 
30 mg/L synthetic reactive dye solutions by treated 
flute-reed at the particle size ranges of 420-1190, 
1190-2000 and 2000-2800 μm at 30
oC under a system 
pH of 3.0±0.2 is shown in Fig. 3. The adsorption by 
the smaller particle size reached equilibrium faster 
than the larger particle sizes. The particle size range of 
420-1190 μm reached equilibrium in 6 hours and had 
a color removal efﬁciency of 98%. For the 1190-2000 
and 2000-2800 μm size ranges, the adsorption reached 
equilibrium in 18 hours and a color removal of 95% and 
93% was achieved, respectively. The smaller particle 
size required less contact time to reach equilibrium 
since it had a higher rate of adsorption (Alley, 2000). 
The particle diameter inﬂuences the rate of adsorption. 
Smaller diameter particles had a shorter diffusion path 
resulting in more rapid adsorption (Alley, 2000). 
3.3. Adsorption isotherms at various particle sizes
  Adsorption processes are usually explained by 
equilibrium isotherms. The ﬁt of the Langmuir adsorp-
tion isotherm on the non-linearized and linearized ex-
perimental data for four different particle size ranges of 
treated ﬂute-reed is shown in Figs. 4-5, respectively. The 
constants qmax and b obtained from the slope and inter-
cept of the Langmuir ﬁt of the linearized data along with 
the coefﬁcient of correlation of the ﬁt (R
2) are shown in 
Table 2. The adsorption isotherms of synthetic reactive 
dye solution for four different particle size ranges of 
treated ﬂute-reed ﬁt well with the Langmuir isotherm, 
as indicated by the high R
2 (>0.98). The values of the 
maximum adsorption capacity (qmax) ranged from 3.12 
Figure 2. Effect of particle size range of treated ﬂute reed 
on color removal  
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Table 2. Constants in the Langmuir and Freundlich isotherm for the adsorption of synthetic reactive dye for various particle 
size ranges of treated ﬂute-reed
Particle size 
(μm)
Langmuir constants Freundlich constants
qmax (mg/g) b (L/mg) R
2 nK  (L/g) R
2
<420 7.58 0.366 0.9847 3.04 2.46 0.9902
420-1190 4.42 0.672 0.9914 4.27 1.95 0.8747
1190-2000 3.83 0.499 0.9929 4.46 1.64 0.8698
2000-2800 3.12 0.316 0.9908 4.91 1.32 0.9030
Figure 3. Effect of contact time on the adsorption of reactive 
dye solution by treated ﬂute-reed
Figure 4. Langmuir isotherm ﬁt of the non-linearized ex-
perimental data on the adsorption of reactive dye for various 
particle size ranges of treated ﬂute-reed             
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highest adsorption capacity of all particle size ranges. 
This is because of the larger surface area made avail-
able by the smaller treated ﬂute-reed particles when 
the mass of the treated ﬂute-reed was constant (Gupta 
et al., 1992, Sankar et al., 1999). The afﬁnity between 
the reactive dye and binding sites of treated ﬂute-reed 
(b) decreased when the particle size ranges increased. 
This is because the number of binding sites on the 
adsorbent surface decreased when the larger particle 
sizes were used at the same dosage (Netpradit et al., 
2003). The ﬁt of the Freundlich adsorption isotherm 
on the linearized experimental data for four different 
particle size ranges of treated ﬂute-reed is shown in 
Fig. 6. The constants n and K obtained from the slope 
and intercept, as well as the coefﬁcient of correlation 
of the ﬁt (R
2) are shown in Table 2. The adsorption 
isotherms of synthetic reactive dye solution for the 
various particle size ranges of treated ﬂute-reed did not 
ﬁt well with the Freundlich isotherm, except for that of 
the particle size range of <420 μm, as indicated by the 
coefﬁcient of correlation of the ﬁt (R
2), which ranged 
from 0.87 to 0.90 (Table 2). When compared with the R
2 
value of the Langmuir isotherm, it was lower than the 
Langmuir ﬁt. This indicates that the Langmuir isotherm 
could better explain the adsorption of various particle 
sizes of treated ﬂute-reed than the Freundlich isotherm 
and the adsorption therefore tended to follow the ideal 
monolayer model. The constant n in the Freundlich 
isotherm was a function of the strength of the adsorp-
tion. It increased with increasing particle size ranges. 
The adsorption capacity (K) increased from 1.32 to 2.46 
L/g when the particle size decreased from 2000-2800 
to <420 μm. The obtained results agree with the value 
of qmax obtained from the Langmuir isotherm, indicat-
ing that the adsorption capacity of treated ﬂute-reed 
increased as the particle size decreased. 
 
3.4. Adsorption isotherms at various temperatures
  Langmuir adsorption isotherms at three different 
temperatures, which represent the non-linearized and 
linearized experimental data are shown in Figs. 7-8, 
respectively. The constants in the Langmuir equation, as 
well as the enthalpy change (ΔH) and correlation coef-
ﬁcient (R
2), are shown at various temperatures in Table 
3. The adsorption of reactive dye by treated ﬂute-reed 
at various temperatures ﬁtted well with the Langmuir 
equation (R
2>0.98). The amount of adsorption increased 
with increasing temperature. This is because the kinetic 
energy probably increased at higher temperatures and 
hence increased the mobility of the adsorbate resulting 
in the increasing reactive dye removal. This indicated 
that the adsorption process was endothermic (Gupta, 
1998). The value of b indicated the adsorption afﬁnity 
between the dyes and the binding sites of the adsor-
bent. The higher b values indicated higher adsorption 
afﬁnity. From the results, the value of b at 40
oC was 
higher than at 20
oC. Therefore, the adsorption afﬁnity 
at the higher temperature was higher than at the lower 
temperature. This conﬁrmed that the adsorption process 
Figure 5. Langmuir isotherm ﬁt of the linearized experimental 
data on the adsorption of reactive dye for varoius particle size 
ranges of treated ﬂute-reed
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Figure 6. Freundlich isotherm ﬁt of the linearized experimen-
tal data on the adsorption of reactive dye for various particle 
size ranges of treated ﬂute-reed 
Figure 7. Langmuir isotherm ﬁt of the non-linearized ex-
perimental data on the adsorption of reactive dye at various 
temperatures of treated ﬂute-reed     
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  In addition, the value of ΔH of the treated ﬂute-reed 
for three different temperatures was calculated from the 
slope of the plot of ln b and 1/T. This value could be used 
to conﬁrm the process of adsorption, that is, a positive 
ΔH value indicated an endothermic adsorption (Gupta, 
1998). Therefore, the adsorption by treated ﬂute-reed 
at various temperatures was an endothermic reaction. 
  Moreover, the adsorption isotherm could be de-
scribed by the Freundlich equation; the ﬁt of the Freun-
dlich adsorption isotherm on the linearized experimental 
data for three different temperatures is shown in Fig. 
9. The constants n and K obtained from the slope and 
intercept, as well as the coefﬁcient of correlation of the 
ﬁt (R
2), are shown in Table 3.
  As with the Langmuir isotherm, the data ﬁtted well 
with the Freundlich isotherm Langmuir. The constant 
K in the Freundlich isotherm is related to the capac-
ity of the adsorbent for the adsorbate. In this study, 
the adsorption capacity increased as the temperature 
increased. The results obtained agree with the value of 
qmax obtained from the Langmuir isotherm. Therefore, 
this conﬁrms that the adsorption capacity of treated 
ﬂute-reed increased with increasing temperature. The 
constant n decreased with increasing temperature and it 
was in the range 2 to 10, which represented good adsorp-
tion (Choi and Cho, 1996). Therefore, the adsorption 
of reactive dye by treated ﬂute-reed was favorable. 
3.5. Desorption studies
  The effect of pH on the desorption of synthetic 
reactive dye solution by treated ﬂute-reed is shown 
in Fig. 10. The results show that the percentage of 
desorption increased with increasing in the pH of the 
system. When the pH of the system was increased from 
2 to 10, the percentages of desorption increased from 
1% to 92%. Increasing the system pH from 6 to 8, the 
percentages of desorption increased rapidly from 9% 
to 72%. This is due to the surface of adsorbed treated 
ﬂute-reed containing a positive charge. Under basic 
conditions, the negative ions of OH
- increased and the 
SO3
- ions from dyes were replaced by OH
- ions. Thus, 
the SO3
- ions from dyes were released into the solution. 
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Figure 8. Langmuir isotherm ﬁt of the linearized experimental 
data on the adsorption of reactive dye at various temperatures 
of treated ﬂute-reed
Table 3. Constants in the Langmuir and Freundlich isotherm for the adsorption of synthetic reactive dye at different tem-
peratures of treated ﬂute-reed
Temperature 
(
oC)
Langmuir constants Freundlich constants
qmax (mg/g) b (L/mg) ΔH
o (kJ/mol) R
2 nK  (L/g) R
2
20 6.84 0.365 0.9789 3.25 2.35 0.9782
30 7.58 0.366 2493.20 0.9847 3.04 2.46 0.9902
40 8.06 0.390 0.9875 3.00 2.62 0.9946
Figure 9. Freundlich isotherm ﬁt of the linearized experimen-
tal data on the adsorption of reactive dye at various tempera-
tures of treated ﬂute-reed
Figure 10. Effect of pH of system on the desorption of reac-
tive dye solution by treated ﬂute-reed
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20 C 30 C 40 CThis phenomenon indicates that ion exchange occurred. 
In addition, the amount of desorbed dye was very small 
at lower system pH values. The percentages of desorp-
tion were 1%, 2% and 9% at system pH values of 2, 4 
and 6, respectively, while the desorption increased to 
nearly 100% at alkaline pH. This suggests that treated 
ﬂute-reed had a tendency for ion exchange adsorption of 
sulfonated azo reactive dyes. Therefore, the major part 
of the adsorption mechanism was chemical adsorption. 
From this result, the percentages of desorption at system 
pH values of 8 and 10 were 72% and 92%, respectively. 
Therefore, these values were selected for further des-
orption studies in order to conﬁrm the mechanism of 
adsorption. The results obtained are shown in Table 4. 
From this table, complete desorption occurred at system 
pH≥8. This conﬁrms that the adsorption process was 
chemical adsorption. The results obtained were cor-
related with the results from the isotherm study, which 
found that the value of qmax increased with increasing 
temperature. Therefore, this conﬁrms that the mecha-
nism of adsorption of reactive dye on treated ﬂute-reed 
was chemical adsorption. 
4. Conclusion 
  Although treated ﬂute-reed had low adsorption 
capacity of reactive dye, it is very cheap and available 
abundance. Therefore, treated ﬂute-reed can be an al-
ternative adsorbent for the removal of reactive dye. The 
dye adsorption capacity of treated ﬂute-reed increased 
with decreasing particle size and increasing contact 
time and temperature. The adsorption isotherm ﬁtted 
well with the Langmuir isotherm for various particle 
sizes and ﬁtted well with the Langmuir isotherm and 
Freundlich isotherm for various temperatures. The 
desorption studies conﬁrmed that the treated ﬂute-reed 
had a tendency for ion exchange and chemical adsorp-
tion for synthetic reactive dye removal. It meaned that 
dye-adsorbed adsorbent will be hardly leached and 
contaminated environment.
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NOMENCLATURE
Ce  =  equilibrium dye concentration (mg/L)
Co   =  initial dye concentration (mg/L)
qe   =  amount of dyes adsorbed per unit weight of adsorbent  
    at equilibrium (mg dye/g adsorbent)
qmax  =  maximum adsorption capacity (mg dye/g adsorbent) 
b   =  Langmuir isotherm constant related to the afﬁnity   
    between the sorbent and sorbate (L/mg)
ΔH  =  Enthalpy change (kJ/mol)
K   =  Freundlich isotherm constant related to the capacity  
    of adsorbent for adsorbate (L/g) 
n   =  Freundlich isotherm constant related to a function   
    of the strength of adsorbent (dimensionless)
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